Introduction 1
Gluteus medius (GMed) and minimus (GMin) have commonly been described in anatomical 2 studies as having three (anterior, middle and posterior) and two (anterior and posterior) segments 3 respectively with uniquely oriented fibres [1] , supporting previous descriptions of functional 4 differentiation within these muscles [2] . However, the ability of these segments to function 5 independently and their role in function and dysfunction at the hip joint has not been established 6 due to a paucity of electromyographic (EMG) studies [1, 3] . This lack of research is largely due 7 to the technical expertise required to insert intramuscular needles into relevant segments of these 8 muscles, particularly given the proximity of posterior GMin to the superior gluteal neurovascular 9 bundle (NVB) [4] , and the perceived pain, discomfort or anxiety that may be associated with fine 10 wire electrode insertions [5] . It is only recently that guidelines for electrode placement have been 11 validated in cadaveric specimens [3] . The aim of this paper was to provide a comprehensive 12 description of fine wire electrode insertions in segments of GMed and GMin in-vivo and to 13 report participant discomfort levels. 14 15
Methods

16
Approval was obtained from the University Human Ethics Committee to recruit 15 healthy 17 young adults (9 male, 6 female, mean age 22.5 years) for this study. for greatest access to all insertion sites without having to change positions. Electrode insertions 28 guidelines were developed with reference to real time ultrasound (RTUS) imaging in-vivo; 29 anatomical texts and papers and examination of cadaver specimens as described previously (Fig.  30 1) [3] . 31
32
Insert Figure 1 here 33 34 RTUS imaging was used to determine the location of each segment, the path of the needle and 35 the depth of the insertion. Ultrasound imaging has been previously reported as a valid method for 36 judging the depth of electrode insertions into a desired muscle belly [7] . Color Doppler was used 37 for viewing the NVB prior to posterior GMin insertions ( Table 1 . 51
52
Insert Figure 2 here 53
54
Insert Table 1 here 55
56
Following insertions, wires were taped to the skin and connected to the EMG recording 57 apparatus. Participants then completed a series walking trials (6 x comfortable walking speed, 6 58 x fast walking speed) along a 9m walkway. After each series of trials they were asked to rate 59 their level of discomfort on a visual analogue scale (VAS) of 0-10 where 0 = no discomfort and 60 10 = maximum possible discomfort. Discomfort data were averaged for each set of comfortable 61 and fast walking trials. Finally participants completed a series of 18 maximum voluntary 62 isometric contraction (MVIC) trials [8] for amplitude normalization purposes. 63
64
Results
65
Electrode insertions were completed as described for all 15 participants. There were no adverse 66 reactions during the insertion of electrodes although some subjects experienced transient light-67 headedness when they first stood up after insertions. Mean discomfort scores (± standard 68 deviation) were 2.4 ± 1.4 and 1.6 ± 0.7 on the VAS for normal and fast walking trials 69 Intramuscular electrodes were successfully located in the three segments of GMed and two 78 segments of GMin previously verified in a cadaveric study [3] . Very few electrodes were 79 displaced during walking trials, adverse events were minor and participants experienced 80 relatively low levels of discomfort. The needle and wire lengths used were suitable for the 81 sample of young active participants in this study. Alternative wire and needle lengths may be 82 considered for other populations. 83 84 It has been over thirty years since EMG research was reported on GMin [9] . Processing and 85 analysis techniques have advanced since then, and there are now cadaverically verified 86 guidelines for assessing the function of multiple GMin segments [3] . Similarly, prior research 87 into unique regions of GMed are based on unverified electrode insertion guidelines [2] . As a 88 consequence, our theoretical understanding of segmental GMed function, and the function of 89 6 GMin is principally based on inferences from cadaveric studies and biomechanical modelling 90 [1] . 91
92
This study aimed to address the paucity of segmental GMin and GMed EMG research by 93 providing a comprehensive technical guide (see Table 1 and Fig. 1 and 2 ) for inserting EMG 94 electrodes into segments of GMin (x2) and GMed (x3). Secondly, we have reported the level of 95 discomfort associated with gluteal insertions. The minor discomfort levels are not expected to 96 alter the recruitment patterns in these muscles [10, 11] , and may be referred to in order to 97 facilitate participant recruitment, ethical approval or grant applications associated with 98 intramuscular EMG research for these muscles. 99 100
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